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ABSTRACT 
The differences in the response to KCl of ·the RNA­
degrading enzymes of two barley cultivars, ttDicktoo rr (a 
hardy type) and "Tennessee Winter't (a non-hardy type), 
were investigated. 
Two types of enzymes, ribonuclease (RNase) and 
nuclease, were separated from crude extracts by disc 
electrophoresis. The electrophoretic gels were assayed 
for RNA-degrading activity in the presence and absence of 
EDTA (EDTA is a nuclease inhibitor) .  
By means of density gradient isoelectric focusing, 
�he nucleane preJ:.;aration .from. Tennessee Wir.d,er was show1.1. 
to have an isoelectric point between 5-3 and 5.5, while 
the nuclease preparation from Dicktoo has three isoelectric 
points of 4.9, 5.5 and 6.0. The R:rfase preparation from 
Tennessee Winter has isoelectric points of 4.5, 5.8 and a 
trace of activity at 5.3, while the RNase from Dicktoo has 
isoelectric points of 4.9, 5.8 and 6.1. 
In the presence of KCl, nuclease activity obtained 
from both cultivars was diminished, while BNase activity 
from Tennessee Winter showed increased activity, when 
compared with the RNare from Dicktoo. 
Preparative electrophoresis was employed in order to 
separate larger quantities of enzymes from the ·two 
cultivars. In the RNase preparation from Dicktoo, two 
distinct activity peaks were found and they were processed 
as two separate samples for further purification. The 
RNase preparation from Tennessee Winter was processed as 
one sample. A purification scheme consisting of Sephadex 
G-25, Sephadex DEAE A-50, preparative electrophoresis and 
Bio-Gel P-100 was employed. The contaminating acid phospho­
monoesterase activity was removed from the RNase in the 
final step of purification using Bio-Gel P-100. The 
purified enzyme from Tennessee Winter and ·the two enzymes 
from Dicktoo had the same pH optima of 5.8 and showed 
lowered pH optima in the prE:sence of KCl. For.· all -three 
enzymes, maximum RNA-degrading activity was obtained at 
pH 5.4 with 0.19 M KCl. 
Substrate specificities of the three purified enzymes 
were determined by noting the rates at which t�ey cleaved 
14 dinucleoside monophosphates. The two enzymes from 
Dicktoo were not significantly different with respect to 
cl�avage of the dinucleoside monophosphates in this 
experiment. The major difference between the enzymes from 
Tennessee Winter and Dicktoo was their cleavage rates for 
ApC and ApU. Tennessee Winter RNase had a faster rate of 
cleavage of the phosphodiester bond between adenosine and 
a pyrimidine. The RNases from the two cultivars were 
inferred as being the plant RNase I type of enzyme. 
··•-•;,� 
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INTRODUCTION 
Past investigations of the winter hardiness project· 
revealed the requirement of a pH 8.0 buffer system, 
containing 0.4 M KCl and a reducing ag�nt, for the extrac­
tion of stable polyribosomes (undegraded mRNA-ribosomal 
complex) from winter barley (4). 
Later, Johnson (15) reported that different pH 
conditions were necessary to obtain polyribosomes of the 
same degree of stability from different cultivars of 
barley. An extraction pH of 8.0 was necessary to isolate 
stable polyribosomes from the nDicktoou cultivar (a hardy 
wi:r:te:r ba::i2-s;7), 1.:hile a pH o-f 8.4 --=:ms essential to inhibit 
the endogenous RNA depolymerization enzymes in extracts 
from the "Tennessee Wintern cultivar (a less hardy winter 
barley). The RNA-degrading activity of both cultivars was 
found in the 144, 000g supernatant fraction of the protein 
extract. A higher level of enzyme activity per gram of 
tissue extracted was consistently observed in Tennessee 
Winter compared to Dicktoo extracts (15). 
Further studies (16, 18) with some commercial 
cultivars, o_f different degrees of winter hardiness, and· 
with 32 progeny lines of a Tennessee Winter-Di�ktoo cross 
demonstrated an inverse .relation of polyribosome stability 
to the level of RNA-degrading activity in the protein 
extracts from all of the.se plant tissues. Also, a direct 
2 
relationship was observed between the levels of winter 
hardiness of the cultivars and the extent of depression of 
RNA-degrading activity by KGl, EDTA, or citrate. However, 
this relationship did not hold for the progenies 01 the 
Tennessee Winter-Dicktoo cross. 
The purposes of this study were to identify and 
compare the RNA depolymerization enzymes of the two 
cultivars, Dicktoo and Tennessee Winter, using certain 




Classification of RNA Depolymerization Enzymes 
General. Enzymes that are known to depolymerize RNA 
can be grouped into three categories: (a) phosphotrans­
ferases, (b) phosphodiesterases, and (c) phosphorylases (2). 
Phosphotransf era_ses are enzymes that catalyze the 
transfer of the 3'-phosphate of a nucleotide residue of a 
polynucleotide from the 5'-position of the adjoining 
nucleotide to the 2'-position of the nucleoside (7). 
Therefore, nucleoside 2' , 3'-cyclic phosphate is the ob­
ligate inte:cmediace procluct. This l1.8.s l8<l Lu U.1e Ube 0.f 
the term cyclizing ribonuclease (RNase) for this group of 
enzymes (2). This paper will use the term RNase to 
describe only the cyclizing RNases. Barnard (2-) has also 
pointed out that these enzymes utilize a vicinal hydroxyl 
group for the overall hydrolytic cleavage, suggesting the 
separation of specific ribonucleases at a very early stage 
in the evolution of nucleolytic enzymes which paralleled 
the segregation in functions of RliA and DNA. The use of 
the 2'-0H group is viewed as a device for direct, selective 
turnover of filTA. Divalent cations are not required for 
the activity of cyclizing RNases, at least there has been 
no report of such a requirement. 
Phosphodiesterases are enzymes that catalyze the 
4 
direct hydrolysis of the 3'-5'-phosphodiester bond, yield­
ing 3' or 5'-nucleoside phosphates. �hese enzymes hydro­
lyze both DNA and RNA. Magnesium or calcium is required 
for phosphodiesterase activity. 
Phosphorylases are enzymes which catalyze the forma­
tion of 3'-5'-phosphodiester linkages from 5'-diphosphates 
of ribonucleosides in the presence of magnesium ion and 
RNA primer. The reaction is reversible and can be forced 
in the direction of polyribonucleotide breakdown by 
increasing the inorganic phosphate concentration (20) •. 
These are not true ribonucleases, since they are involved 
w; th h 1Yhh s�mth'?.sj s ana. degradation of RNA .. 
The Commission on Biochemical Nomenclature (8) has 
classified phosphotransferase and phosphodiesterase as 
hydrolases acting on phosphoric diester bonds. The poly­
nucleotide phosphorylase is· classified as a transferase. 
Plant ribonucleases. Reddi (25) summarized the 
characteristics of purified ribonucleases from pea leaves 
(23), tobacco leaves (10) , ryegrass (27) and spinach (30). 
He observed three features in common among plant ribo­
nucleases, namely: (a) a pH optimum of 5 to 6, (b) a 
reaction mechanism le�ding to the disruption of all the 
internucleotide linkages in RNA via intramolecular trans­
phosphorylation, and (c) a preference for the secondary 
phosphate esters of guanosine-3'-phosphate in the initial 
stages of reaction. He separated the ribonucleases into 
two major groups, calling them ribonuclease I and ribo­
nuclease II, according to their ability to hydrolyze only 
the purine 2' , 3'-cyclic nuc_leotides or to hydrolyze all 
2', 3'-cyclic nucleotides, respectively. 
5 
Wilson (34, 35), experimenting with extracts of corn 
seeds and seedlings, found three enzymes with RNA-degrading 
activity. He extended Reddi's classification system in 
order to distinguish between the three corn nucleases, 
ribonuclease I, ribonuclease I I, and nuclease I. RNase I 
hydrolyzes only the purine cyclic nucleotides to 3'­
n"t.lcleotidcs, ·while PiN'ase II may act 0..l_so on py�i:ni�i1.1.c 
cyclic nucleotide� as reported by Reddi. Nuclease I is a 
partially purified endonuclease which produces 5'-nucleotides 
from RNA, DNA and dinucleoside monophosphates. 
Recently, Wilson (38) presented a review on plant 
nucleases. The major known endonucleases of higher plants 
were again classified into three classes: plant ribo­
nuclease I, plant ribonuclease II and plant nuclease I. 
Plant exonuclease and 3'-nucleotidase were also included 
in the review. 
Purification of Plant Ribonuclease 
In the past two decades, ribonucleases have been 
purified from various plant tissues. Tuve and·.Anfinsen 
(30) isolated a ribonuclease from spinach leaves by 
extraction with potassium phosphate buffer of pH 5.1; 
6 
this step was followed by a sequence involving adsorption 
on Am.berlite XE-64, ammonium sulfate fractionation, and 
chromatography on DE.AE-cellulose. Previous attempts were 
made to extract the enzyme from an acetone powder or 
sulfuric acid extract, but these procedures were completely 
unsuccessful. Extraction in a phosphate buffe� was found 
to be more satisfactory than the use of citrate or acetate 
buffers. The pH optimum curve of the spinach ribonuclease, 
as reported by Tuve and .Anfinsen (30), showed two maxima. 
Reddi (25) s�ggostcd that this prepnration might contain 
both ribonuclease I and ribonuclease II. 
Freeman (9) isolated a ribonuclease from the seeds of 
ryegrass using water extraction, ammonium sulfate precipi­
tation and alumina gel adsorption. A final acidic step of 
0.4 M acetate buffer, pH 5.0, was used to inactivate 
contaminating 3'-nucleotidase. Increasing the concentra­
tion of sodium chloride in the enzyme assays was found to 
cause -a downward shift of the optimum pH for ribonuclease 
activity. Freeman suggested that a good part of the 
electrolyte effect was due to its inf'luence on comormation 
of the substrate; this was based on work (5) which showed 
that the shift in the pH optimum of RNase paralleled the 
changes in the titration curve of RNA due to the addition 
7 
of salt. 
Wilson (32, 34) obtained three- enzymes, ribonuclease 
I, ribonuclease II and nuclease I from the roots of corn 
seedlings. RNase I, with a pH optimum near 5.0 and a 
molecular weight of 23, 000, was isolated from corn.root 
homogenates by adsorption on a carboxymethyl-cellulose 
(CM-cellulose) column equilibrated with 0.01 M citrate 
buffer, pH 5.0. A citrate buffer of pH 6.0 was used to 
elute and separate RNase I, RNase I I  and nuclease I. RNase 
II was extracted from the microsomal fraction of corn root 
homogenates using 0.05 M tris-HCl buffer, pH 7.5. The 
R1Jase II preparation was found -co have a molecular weight 
of 17, 000 and a broad pH optimum, ranging from 5.4 to 7.0. 
Nuclease I, wit� pH optimum of 6.2 and molecular weight of 
31, 000, was prepared from the 40, 000g fraction sediment of 
corn root homogenates by extracting it with 0.05 M sodium 
citrate, pH 6.0, containing 0.5 M KCl. This extract was 
then centrifuged for 30 minutes at 78, 000g and the resul­
ti�g supernatant was dialyzed in 0.05 M tris-HCl buffer, 
pH 7.3, containing 0.1 M KGl, to obtain the final enzyme 
preparation. 
Additional experiments by Wilson (32, 34) showed a 
shift in the optimum pH for RNase I from 5.8 to 5.0, due 
to the presence of 0.16 M KCl. In contrast, the addition 
of 0.16 M KCl increased the activity of nuclease I at all 
8 
assay pH's. He postulated that the salt solution, through 
its effect on ionic strength, might act primarily on the 
conformation of the RNA substrate (32). RNase II  and 
nuclease I were found to be relatively less stable than 
RNase I, especially in dilute enzyme solutions of low ionic 
strength. Inclusion of cysteine or mercaptoethanol in the 
buffer during dialysis reduced the activity loss of RNase 
II  and nuclease I (33). Wilson also speculated that the 
instability of RNase II and nuclease I from corn might 
explain why so many purified RNases from plants are of the 
RNase I type; this speculation should be prefaced with the 
assum.ptio11. that; simila:c enzymes in other plant species 
also possess the same stability characteristics. He 
attributed part of the loss of enzyme activity, during the 
initial stages of purification under low pH conditions, to 
enzyme inactivation by proteases and suggested that this 
might be avoided by extracting at a higher pH (34). 
Lantero and Klosterman (l9) extracted RNase from barley 
plants at the 4-5 leaf stage, using O.Ol M sodium acetate 
buffer, pH 5.5. For enzyme purification, they used a 
sequence consisting of ammonium sulfate fractionation in 
the range of 30°/4 to 8Cf/4 saturation, chromatography on Bio­
Gel P-30, Cellex-P, and Cellex-D, and finally preparative 
electrophoresis. Two RNase activity peaks were found. 
The one with a molecular weight in excess of 70, 000 (as 
determined by gel filtr�tion) contained DNase, nuclease, 
and phosphomonoesterase activity and was discarded. The 
second peak, which was relatively free of nucleases and 
phosphoesterases, was used for further purification and 
· subsequent characterization studies. A mode of action 
similar to the type I class of plant ribonucleases, as 
proposed by Reddi (25), was established for this enzyme 
preparation. 
9 
Pitt (24) devised a procedure for the purification of 
a ribonuclease from potato tubers. The scheme used was 
extraction by 0.2 M· tris-sodium citrate buffer of pH 4.5, 
isoelectric precipitation by ammonium sulfate·, and chromato­
graphy with DE.AE-cellulose and Sephadex G-100. Phospho­
diesterase was separated from RNase by the DEAE-cellulose 
chromatography step. The �reparation having RNase activity 
contained two antigenically distinct proteins as shown by 
immunoelectrophoresis. After the removal of acid phospho­
monoesterase protein, a single arc (on diffusion in agar) 
was foui1d for the purified sample. The final enzyme 
preparation was found to be antigenically homogeneous when 
tested with rabbit antibody. These antibody preparations 
were then used in the'immunochemical assay of RNase protein, 
following mechanical damage to potato tuber tissue. 
Jervis (13) partially purified two RNa.-ses from tobacco 
leaf by extraction with 50 mM sodium citrate buffer of pH 
10 
6.0, ammonium sulfate precipitation, Sephadex G-100 gel 
filtration, CM-Sephadex chromatography and Sephadex G-75 
gel filtration. A high molecular weight fraction, which 
eluted immediately after the void volume of the Sephadex 
G-100 column, contained phosphodiesterase and phospho­
monoesterase activities and was discarded. The low molec­
ular weight fraction which was free from phosphodiesterase, 
but contained phosphomonoesterase, was used in the sub­
sequent purification steps. 
A procedure for purification of tobacco leaf ribo­
nuclease by affinity chromatography was also developed by 
A ribonuclease inhibitor, 
phosphoryl)-guanosine-2' ,3' phosphate, was synthesized and 
insolubilized on agarose beads as the adsorbent. Adsorbent 
prepared by attaching only guanosine 2' (3)' monophosphate 
to Sepharose, via the purine amino group, did not bind 
RNase; however, adsorbent prepared by attaching the amino­
phenylphosphoryl guanosine phosphate to Sepharose, presum­
ably by the phenyl amino group, did bind RNase at pH 5.4 
under conditions of low ionic strength. This indicated 
that the aminophenylphosphoryl spacer group successfully 
overcame the problem of steric hinderance, which is 
frequently encountered in affinity chromatography. 
MATERIALS .AND METHODS 
Isolation of Enzymes 
Seeds from two winter barley cultivars, HordeUJD. 
vulgare L. cv. Dicktoo or Tennessee Winter were used. 
Plastic trays approximately 52 x 25 x 6 cm3 were lined 
2 with eight pieces 11 x 11 cm blotter in a single layer 
il 
and wetted with 200 ml of 0.1 mM calcium chloride for seed 
germination. Approximately 9.4 grams of seeds from 
Dicktoo or 12.3 grams of seeds from Tennessee Winter were 
needed to make up the 320 seeds required for one tray. 
The seeds were spread evenly on the blotter surface before 
the tray was covered and sealed with opaque plastic. Each 
tray of seeds was allowed to germinate �or four days in a 
controlled constant-temperature chamber at 25°C in order 
to produce seedlings of 40-50 mm in length. The germina­
tion time used for Dicktoo seeds was three to four hours 
less than that for Tennessee Winter seeds; this produced 
seedlings of uniform length_from each cultivar. 
�he subsequent steps for purification were performed 
-in the temperature range of Oto 4 ° C unless otherwise 
specified. The scheme which follows was set up for han­
dling of 100 grams of harvested seedlings in seeps 1 to 3 
of purification, but two cumulative samples from step 3 
were used for.steps 4 to 7. 
12 
Step 1. Preparation of tissue homogenate. Seven 
trays of germinated seeds were prechilled in a cold room 
for at least 10 to 15 minutes before the shoots were 
removed from the seed with a razor blade. The harvested 
shoots, in 25-gram lots, were wrapped in a double layer of 
aluminium foil and frozen in powdered Dry Ice. Usually, a 
freezing period of 15-20 minutes.was needed for the tissue 
before it was pulverized, using a prechilled pestle and 
mortar. Four 25-gram lots of pulverized tissue were 
transferred to a beaker and mixed with 100 grams of insol­
uble polyvinylpyrro-lidone (PVP) 1 and 300 ml of the extrac-
tiou meclillill. 'J:he insoluule Fv'"P was -Lj_'8ct.te<l l ry Lu�ling �n 
100/4 hydrochloric acid for at least 30 minutes; then it was 
washed. and finally equilibrated with tissue extraction 
medium before use. The extraction medium used was the 
same as reported by Johnson (15) and ·consisted of 0. 25 M 
sucrose, 0. 4 M KCl, 0. 02 M magnesium acetate and 0. 005 M 
2-mercaptoethanol in 0. 05 M tris-HCl buffer of pH 7.8. 
1 Loomis (21) reported that plant phenolic compounds 
are able to inactivate or modify the native forms of plant 
enzymes through reversible or irreversible binding; he 
found that insoluble PVP was effective in absorbing these 
phenols in the preparation of active soluble enzymes. The 
addition of insoluble PVP in the extraction medium used 
here in preparing barley enzymes provided clearer extracts, 
as compared to those prepared without the addition of PVP; 
however, an increase in total RNA-degrading activity did 
not result from the use of PVP. 
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The slurry of pulverized tissue, PVP and extraction medium 
was mixed in a beaker after being warmed to O C, in order 
to facilitate thorough extraction. The well-mixed slurry 
was filtered through a single layer of Miracloth fitted to 
a Buchner funnel. About 350 ml of filtrate were collected 
for the next step. 
Step 2. Preparative centrifugation. About 330 ml of 
filtrate were needed to fill and balance 12 centrifuge 
tubes .for the Model 30 rotor use.d in a Spinco L-2 centri­
.fuge. The sample was centrifuged for 21/4 hours at 105, 000g 
and 0 ° C. 
Step 3. Desalting by Sephadex G-25 colwnn chromato­
graphy. The supernatant .fraction of 325 ml was collected 
and layered on a Sephadex G-25 (G-25) column. A 5 x 60 cm 
column of 1. 2 liters total bed volume was needed to handle 
this fraction. A 0. 05 M tris-HGl, pH 7. 8 buffer was used 
to equilibrate the column and also to elute the protein 
peak at an eluate volume of 350 ml. Collection of the 
protein peak was determined by measuring effluent absorb­
ance at 280 nm, following the predetermined void volume. 
The sample fraction was allowed to warm to room temperature 
and then adjusted to pH 7. 4 using 4 N hydrochloric acid. 
The .further additions of sucrose (0. 25M) and KCl (0. 02M) 
to the .fraction were needed before it was applied to a 
305279 SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
column of Sephadex DE.AE A-50 (A-50) ; 0.25 M sucrose was 
added to stabilize RNase activity� 
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Step 4. Sephadex DEAE A-50 adsorption chromatography. 
A DEAE A-50 column, 3 x 7 cm, was used.for the extract 
derived from 100 grams of harvested shoots. A larger 
column, 7 x 4.5 cm, was used for the extracts from two 100-
gram batches of tissue. The column was equilibrated with 
buffer containing 0.05 M tris-HCl, pH 7.4, 0.02 M KCl and 
0.25 M sucrose. After the G-25 desalted fraction was 
layered onto the A-50 column, equilibration buffer was 
used to wash off unadsorbed material until the absorbance 
of the e.ff']_uent was below 0;07 at 230 mu. Elution of the 
protein peak having ribonuclease activity was accomplished 
by the. above buffer containing 1 M KGl; the elution step 
was terminated when the absorbance (280 nm) of the effluent 
dropped below 0.15. A fraction of about 300 ml volume was 
obtained from extraction of 200 grams of tissue. 
Step 5. Concentrating procedure. The protein frac­
tion eollected from A-50 was desalted and concentrated 
using the sequence of (1) G-25, (2) A-50 and (3) G-25 
chromatography and columns of appropriate dimension to 
accomplish the reduc�ion in sample volume. The 300 ml 
fraction from step 4 was first desalted using a 5 x 60 cm 
G-25 column and 0.05 M tris-HCl, pH 7.8 buffer. This 
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sample was absorbed onto a 0.9 x 4 cm A-50 column 
equilibrated with 0.05 M tris-HGl, pH 7.8 buffer with 0.25 
M sucrose. The protein peak was eluted from the column in 
a volume of 30 ml by incorporating l M KCl in the buffer. 
This concentrated fraction was then layered onto a 2.4 x 
40 cm G-25 column equilibrated with 0. 05 M tris-HCl, pH 
7 . 8  buffer to remove the KCl and sucrose. The desalted 
preparation was shell-frozen in a flask, using a mixture 
of acetone and Dry Ice. A Virtis freeze dryer Model No. 
10-0lO was used to lyophilize the sample. 
Ste"P._ _ u  . __ , Preparative e���Ctf_Ol)_horesis. 1m electro­
phoresis apparatus , Poly-Prep 200 from Buchler Instruments, 
was used. The Lantero and Klosterman (l9) procedure for 
purifying barley leaf ribonuclease, using a continuous 
buffer system , was slightly modified for this study. Both 
elution buffer (or lower buffer) and the upper buffer 
consisted of _ 0. 05 M tris-borate, pH 8. 1. The buffer for 
the membrane holder was twi�e the concentration of the 
elution buffer. Again, 0.25 M sucrose was also added to 
both the elution and membrane holder buffers to stabilize 
ribonuclease activity. At least one liter each of upper 
and membrane holder buffers was circulated during each run 
by means of peristaltic pumps. 
The 7.5% monomer (acrylamide) separating gel was 
prepared according to the method as described by Davis (6). 
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A 6 cm gel was obtained from 100 ml of this preparation. 
A preliminary run of the gel at a current of 30 m.A was 
conducted for at least two hours prior to the layering of 
sample. An Ortec Model 420.0 pulsating power supply was 
used. 
The lyophilized sample from step 5 was equilibrated 
with the upper buffer by passing it through a 0. 9 x 60 cm 
G-25 column equilibrated with upper buffer. Approximately, 
5 ml of desalted prot�in sample was used for the preparative 
electrophoresis. Sucrose, to give a final concentration 
of 3-5%, was added to facilitate layering, and bromophenol 
blue Qye was adde� as a tracking dye. 
Electrophoresis of the protein sample was performed 
at 35-40 mA. The elution rate was maintained at about 0.9 
ml per minute with the aid of a peristaltic pump. ..An 
eight-minute time period was used for collecting each 
fraction. Elution patterns were determined mainly by the 
assay of various enzyme activities and by absorbance at 
280 nm (using an ISCO UV monitor system) .  Fractions 
containing the ribonuclease activity peaks were pooled, 
layered on a 0. 9 x 60 cm Sephadex G-25 column to remove 
sucrose and then freeze-dried for the next step of 
purification. 
Step 7. Bio-Gel P-100 column chromatography. A 
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Pharmacia K-26 column, 2.6 x 94 cm, was filled with Bio­
Gel P-100 (P-100), equilibrated in the column with buffer 
made up of 0.05 M tris-HCl, pH 7.4, 0.125 M sucrose, and 
0. 1 M KCl. The lyophilized sample from preparative 
electrophoresis (step 6) was suspended in a 3 to 4 · m1 
volume of the equilibrating buffer, containing 5% sucrose , 
before layering onto the column. The flow rate was approx­
imately 0.33 ml per minute and fractions of 5.2 ml were 
collected. 
Figure 1 summarizes the steps for purification of 
RNase from Dicktoo and Tennessee Winter e 
Enzyme Activixy De�erminations 
Ribonuclease. Ribonuclease activity was measured by 
a procedure described by Tuve and Anfinsen (30) with 
modification. The reaction mixture consisted _of 50 m.1'1 · 
cacodylic acid (dimethylarsinic acid) adjusted to pH 5.5 
with acetic acid, 1 to 4 mg of yeast RNA (Crestfield 
pr�paration) , and enzyme solution ; the final volume of the 
reaction mixture in an 8 ml centrifuge tube was 2.4 ml. 
One milligram of yeast RNA was used per tube in routine . 
assays of the effluent from column chromatography or 
preparative electroph�resis. The reaction mixture was 
incubated for 30 minutes at 37° C in a water bath. After 
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0 and the reaction was stopped by the addition of 0. 5 ml 
of 25% perchloric acid, containing 0. 75% uranyl acetate. 
The tubes were placed in a Beckman J-20 rotor and centri­
fuged for 10 minutes at 3, 000 rpm at 0
°
C. A 20-fold 
dilution of 0. 2 ml of the supernatant was made, using 
glass-di stilled water. The absorbance of diluted samples 
was read at 260 nm with a Beckman DB-GT spectrophotometer. 
A unit of enzyme activity produces a change in absorbance 
of 0. 05 at 260 nm under the above conditions. One unit of 
enzyme activity is equivalent to the release of 0. 01 µmole 
of acid-soluble nucleotide per minute. 
CR.lcu J 2.-tions arl)licable to thj s c lAfi:n i tion of uin-t of' 
enzyme activity are presented here. Assuming that 1 µmole 
per ml of a nucleotide mixture has an absorbance of about 
10 at 260 nm ( 34 ) , 0. 01 µmole nucleotides per ml would 
give an absorbance of 0. 1 �60• Readjusting for the 
assay conditions ,  the absorbance per enzyme unit would be : 
0. 1 A260 x 30 minutes 
2 . 5  ml (assay volume) x 1 . 2  x 20 (dilution factors ) 
D . b  1 D . b  1 t ·  · t 2 eoxyri onuc ease. eoxyri onuc ease ac ivi y was 
2 It is noted that nuclease  activity would also be 
measured with the substrate used. 
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also measured using the same assay conditions as for 
ribonuclease. Heat-denatured DNA .was used as a substrate 
instead of RNA in the assay. Boiling periods of 20 and 
90 minutes were used for denaturing salmon sperm DNA. 
. The enzymatic reaction was sto_pped by precipitation with 
25% perchloric acid. After centrifugation, the supernatant 
was diluted 20-fold and the absorbance was read at 260 nm. 
Phosphomonoesterase and phosphodiesterase. The 
activity of phosphomonoesterases was measured by the 
method of Anraku (1) with modification. The reaction 
mixture consisted of 0. 4 ml of 0 •. 125 M potassium acetate 
buffei· pH 5. 0, 0. 5 mJ1 p-nitrophenyl phos_phate (PNPP or 
S104) and enzyme solution to provide a final volume of 1 
ml. An incubation period for the mixture of 30 minutes at 
37 °0 d was use • The reaction was stopped by cooling the 
reaction mixture to 0 °0 and adding 0. 4 ml of 0. 3 N sodium 
hydroxide. Absorbance of the solution was read at 420 nm, 
diluting the solution if this was necessary to bring the 
reading qelow two absorbance units. The absorbance value 
was used as a measurement of activity. 
The measurement of phosphodiesterase activity was 
conducted in the same way as for phosphomonoeE'-serase 
activity, but a different substrate, bis-dinitrophenyl 
phosphate (DN.?P), was used. 
21 
Enzyme Characterization Methods 
Determination of protein. Protein concentration of 
preparations was estimated by the Lowry (22 ) proc edure, 
-using bovine serum albumin as  a - standard. In some cases , 
absorbance at 280 nm was also used as  a measurement of 
protein content. One milligram protein per milliter 
solution would give an absorbance of about 1.0 (7 ). 
Analytical gel electrophore sis. A Bio-Rad Model 150 
gel ele ctrophoresis cell with 12-tube capacity was us ed 
together with a Beckman Durostat constant voltage and 
constant current power supply. Gel tubes  of· 5 mm lD x 7 5  
mm were obtained from Bio-Rad Laboratories. The disc 
electrophoresis method developed by Ornstein and Davis (6 ) 
was followed. Two different gels, the spacer gel and 
separating gel, were prepared for each gel tube by photo­
polymerization and thermal polymerization , respectively. 
During electrophore sis , water-cooling was employed to 
maintain temperature in the range of 10-12 C for the electro­
phoresis c ells. After each run, the proteins in the gels 
were fixed and stained with 1% (W/V) Amido-Schwarz dye in 
7% acetic acid. A Bio-Rad Model 170 diffusion destainer , 
using 7% acetic acid and a flqw-through ch0rcoal cartridge , 
was used for the destaining operation. 
Ribonucl ease activity of the s eparated protein bands 
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was also checked following disc electrophoresis. The 
toluidine blue staining procedure as described by Wilson 
(36 , 37) was employed. After electrophoresis, gels were 
removed from the gel tubes . and incubated in a _ solution of 
50 ml'1 cacodylate-acetic acid buffer of pH 5 . 5 (containing 
either 4- ml'1 EDTA or 50 mT1 KGl) for 18 minut·es in a 37 °c 
water bath. The solution was then replaced with the same 
buffer containing 1.5 mg yeast RNA (Crestfield) per ml 
and the gels were inc�bated for another 20 minutes. A 
final incubation step of four minutes with the appropriate 
buffer solution, but without yeast RNA was used. The gels 
were stai.ned immediately foi- 30 seconds with 0.2;� -toluiu.�118 
blue in 0.5% .acetic acid, before rinsing . in the tap water 
and 0. 5% acetic acid. The bands of unstained gel, where 
·ribonucleases were located, became visible within 15 
minutes. The stained gels were preserved in 5% perchloric 
acid, which changed the gel color from blue to a violet­
pink. Gels were scanned with the linear transporter 0£ a 
Gilford Model 2400 spectrophotometer at 520 nm. 
Density gradient isoelectric focusing. A zonal 
electrophoresis apparatus for isoelectric fractionation 
of proteins, similar to that presented in Fig. 2 of 
Svensson's paper (26), was obtained from Consulta, 
Stockholm, Sweden. The carrier ampholytes (under the 
trade name of Ampholine) in the pH range of 3 . 5 to 10 or 
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4 to 6 were used. The procedure by Vesterberg (31) was 
followed. A sucrose density gradient (0 to 500/4 ,  W/V) was 
prepared with the aid of a gradient mixer. Before 
incorporation into the density gradient , the sample was 
desalted by dialysis against a 1% glycine solution · or 
passed through a 0.9 x 60 cm Sephadex G-25 column equilib­
rated with 1% glycine solution. After each run , 2.5 ml 
fractions were collected and the pH values were determined 
by a Sargent-Welch Model DR pH meter equipped with a 
combination electrode. Elution profiles of various enzyme 
activities were also determined. 
C leavage of dinucleoside monophosphates. The rate of 
cleavage for dinucleoside monophosphatys was determined by 
the spectrophotometric method of Imazawa et al. (12). The 
assay was conducted at pH 5.5 , 25° 0 ,  in a reaction mixture 
consisting of 0.1 M potassium acetate, enzyme ·solution and 
substrate. A Gilford Model 2400 spectrophotometer was 
used to determine and record the change in absorbance at 
the appropriate wavelength for each dinucleoside. 
All reagents used were of analytical grade. Twice 
glass-distilled water was used to make up the �ecessary 
solutions. The Sephadex chromatographic materials (G-25 , 
D EAE A-50) were obtained from Pharmacia Fine Chemical Inc. , 
Piscataway , N. J. or Sigma Chemical Co. , St. Louis , Mo. 
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The Bio-Gel P-100 was ·obtained from Bio-R ad Laboratories, 
Richmond, Calif. The acrylam.ide, N, N'-methylene-bisacry­
lamide and N, N, N' ,N'-tetramethylethylenediamine used in 
the gel electrophoresis were the products of Eastman Kodak 
·co. Substrates for enzyme assays, yeast R NA, salmon sperm 
DNA (Type III), p-nitrophenyl phosphate , bis-dinitrophenyl 
phosphate and dinucleoside monophosphates were obtained 
from Sigma Chemical Co. Ampholine for isoelectric focusing 
was obtained from LKB-Produkter, Stockholm, Sweden. 
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RESULTS AND DISCUSSION 
The rationale for this study originates from the 
observation that a relationship exists between the levels 
of winter hardiness in .winter barley varieties and the 
extent to which RNA-degrading activity in protein extracts 
of these plants was decreased by additions of KCl (16, 18) . 
For Dicktoo, a hardy tY.Pe, the degree of repression of 
RNA-degrading activity due to KCl addition is greater than 
for Tennessee Winter, a non-hardy type. The major concern 
of this investigation was directed toward understanding 
the differences in these two cultivars with respect to 
the.i . .c BllA-degrad:i.ng enzymes. Furification proceo..ures wei:'e 
developed for isolating these enzymes. 
Gel Assay for RNA-Degrading Enzymes from the G-25 Step 
Three different amount s of G-25 protein extract were 
used in polyacrylamide gel electrophoresis for protein 
separations. For assaying RNA-degrading activity, the 
gels were incubated with or without EDTA. Figures 2 and 
3 show the results for Tennessee Winter and Dicktoo extracts, 
respectively. Bands with RNA-degrading activity were 
detected in the region between 18 mm to 27 mm from the top 
of separating gel. When EDTA was included in the assay, 
it was possible to differentiate two regions of activity. 
The first region, containing activity bands not inhibited 
26 
2 5  
}• 0 .1 0 
2 5  
2 5  
2 5  
2 5  
2 5  
1 8  
1 9  
1 9  1 9  
I 
v'� , .1L v - V 
1 A - . 1 8 2 A 2 B 3 A 3 B 
T .W. G 2 5 - l A - ( n o  E D T A )  B - (+ E D T A) + 
Figure 2. Effect of EDTA on activity of RNA-degrading 
enzymes from a Tennessee Winter G-25 protein 
extract. 
Three levels of enzyme activity, (1) 1. 2 units, (2) 2.4 
units, and (3) 3. 6 units were layered on the gels • .After 
electrophoresis, gels were assayed for RNA-degrading 
activity by the procedure described in the Materials and 
I1ethods section. (.A) no EDT.A or (B) 4 m.I'1 EDTA was used in 
the incubation mixtur�. The distance in mm from the top 
of small-pore gel is given for each peak. Anode is at 
left. 
27 
1 Jo roro 1 
2 2  
2 1  2 1  
2 5  
2 6  2 6  2 5  




1 A 1 B 2 A 2 B 3 A 3 � 
D I C K  T O O G 2 5 - 1  A - (n o E D T  A }  B- (+ E D T A }  + 
Figure 3. Effect of EDTA on activity of RNA-degrading 
enzymes from a Dicktoo G-25 protein extract. 
Three l evels of enzyme activity, (1) 0. 9 unit, (2) 1.8 
units, and (3) 2 .7 units, were used • .After electrophoresis , 
gels were assayed for ill-TA-degrading activity by the 
procedure described in ·[;he Materials and Methods section. 
(A) no EDTA or (B) 4 mM EDTA was used in the incubation 
mixture . The distance in mm from the top of small-pore 
gel is given for each �eak • .Anode is at le1t. 
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by E DTA , was between 23 mm and 27 mm. The second region, 
containing activity bands inhibited by E DTA, migrated more 
slowly and was found between 17 mm and 22 mm. 
According to Wilson (37) , plant RNase I and II from 
- corn root extract are not inhibited by EDTA., but nuclease I 
·is inhibited. When a mixture of all three enzymes was 
used, RNase I was present in the two fastest moving bands 
in the gel assay (37) . The position of the activity bands 
in the first region of the gels, prepared using Tennessee 
Winter or Dicktoo extracts, was similar to that reported 
for the fast moving bands of corn root RNase I. Likewise, 
che ac -Liv .i.ty banJ.b in the secon� region of the §;cl acsays, 
prepared from the two barley cultivars, were similar to 
the slower · mov�ng nuclease I of corn root. Thus, two 
groups of enzymes, nuclease and RNase were distinguished 
in the G-25 protein extracts from both cultivars . Sodek 
(28) has also found two types of RNA-degrading enzymes 
from wheat leaves. The two enzymes distinguished were 
similar to RNase I and nuclease I from corn roots, as 
classified by Wilson (34 , 35 ) .  
When EDTA was used to inhibit nuclease activity, 
Wilson found two bands of RNase II which migrated at the 
same rate as the nucLease bands (37 ) . Wilson described 
these multiple bands, within groups of enzymes , as iso­
enzymes. The · small peak found at 19 mm, in the assays for 
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RN"A-degrading activity with EDTA present (Figures 2 and 3) , 
could possibly be the RNase II type of enzyme. Another 
possibility is that this peak was due to residual nuclease 
activity, the result of not allowing sufficient time for 
complete EDTA inhibition. (Since the three different 
quantities of enzyme preparation initially applied to the 
gels did not give rise to activity differences in the 
assays, it appears that the enzyme content was not limiting 
under the experimental condition used) . 
The primary interest of this investigation was to 
determine in what way the RNA-degrading enzym�s of two 
barley cultivars differed. Since the initial distinc tion 
was made on the basis of KCl inactivation (16, 18), attempts 
were made to run the assay at three levels of KCl. The 
comparison was made at two pH conditions which corresponded 
to the optima reported for RNase I and II (25) . Figures 
4 and 5 show the results for Sephadex G-25 protein from 
Tennessee Winter and Dicktoo, respectively. R esults were 
not conclusive. Different intensities of background 
staining were observed at different levels of KCl, indica­
ting varied amounts of RNA on the gels. Therefore, a 
comparison of the KCl-effect was not appropriate with this 
assay procedure. 
The results of the RNA-degrading activity assays 
conducted under different pH conditions are shown in 
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Figure 4. Effect of KCl on activity of RNA-degrading 
enzymes from a Tennessee Winter G-25 protein 
extract. 
2.4 units of enzyme were used on each gel. After 
electrophoresis , gels were a·ssayed for RNA-degrading 
activity under various conditions of pH (5.0 or 6. 0 )  with 
KCl (0. 16 M or 0.5 M) or without KCl. The distance in mm 
from the top of the small-pore gel is given for each peak • 
.Anode is at left. 
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Figure 5 .  Effect of KCl on activity of RNA-degrading 
enzymes from Dicktoo G-25 protein extract. 
0.5 0  
1. 8 units of enzyme were used on each gel • .After 
electrophoresis, gels were assayed for RNA-degrading 
activity under various conditions of pH (5. 0 or 6. 0 ) with 
KCl (0. 16 I1 or 0. 5 M) or without KCl. The distance in mm 
from the top of the small-pore gel is given for each peak. 
_lmode is at left. 
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Figures 6 and 7. Again, these assays did not satisfactorily 
delineate enzymes having different pH optima. Nonetheless, 
from previous experience, pH 5. 5  was adopted for the gel 
assays in the subsequent steps of purification to obtain 
maximal enzymatic activity. 
Preparative Gel Electrophoresis for Enzyme Preparation 
Since resolution of different RNA-degrading enzymes 
was observed in analytical gel electrophoresis·, a prepara­
tive gel electrophores·is step - wa_s used as a means of 
isolating larg9r quantities of the individual enzymes. 
Both continuous and discontinuous pH systems were tested. 
The · continuous pH system, us�""lg a ·sitlglc conccntratio:c. o f  
gel (7 . 5% acrylamide), provided a satisfactory resolution 
of the enzymes. Problems encountered in the discontinuous 
system seemed to result from difficulties experien ced in 
maintain ing a stable pH gradient in the larger gel, during 
the long time period of the run. 
Figures 8 and 9 illustrate the elution profile obtained 
by preparative electrophoresis of proteins from the two 
cultivars , after the A-50 concentrating step. The RNA­
degrading activity peaks shown on these profiles did not 
nec essarily indicate the maximum activity of a given sample , 
since the one mg of RNA used per assay might not be suffi­
ci.ent for maximal enzyme activity. The profiles are sh011fil 
primarily for illustrating activity distribution, rather 
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Figure 6 .  Effect of various pH conditions on - activity of 
RNA-degrading enzymes from a Tenne ssee Wint er 
G-25 protein e�rtract. 
2.4 units of enzyme were used on each gel . A.fter 
el ectrophoresis, gels were assayed for RNA-degrading 
activity using various pH conditions e The distance in mm 
from the top of the small-pore gel is given for each peak.  
_ Anode i s  at le.ft . 
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Figure 7 .  Effect of various pH conditions on activity of 
RNA-degrading enzymes from a Dicktoo G-25 
protein extract. 
1 . 8 units of enzyme were used on each gel. After 
· · electrophoresis, gels were assayed for RNA-degrading 
activity using various pH conditions. The distance in mm 
from the top of the small-pore gel is given for each peak • 
.Anode is at left. 
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Figure 8. Preparative electrophoresis of desalted DEAE 
A-50 extract from Tennessee Winter. 
. . 
Approximately 1800 units of enzyme in a volume of 5 
ml were layered on the gel. The dow-n-pointing arrow 
indicates the bromophenol blue front. Gel height : 6 cm ; 
elution buffer : 0. 05 M tris-borate, pH 8 D l  with 0. 25 M 
sucrose ; fraction : 3 . 6  ml/tube ; elution rate : 0 . 9 ml/ 
minute. Sample for each enzyme activity determination : 
0. 3 ml. Key : ( e • .  ) RNA-degrading· activity ; 
( -o- -o- ) phosphomonoesterase activity ; ( -x-x- ) 
phosphodiesterase activity. 
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Figure 9 .  Preparative electrophoresis of desalted DEAE 
A-50 extract from Dicktoo. 
Approximately 1300 units of enzyme in a voluJ.O.e of 5 
ml were layered on the gel. The dovm-pointing arrow 
indicates the bromophenol blue front. Gel height: 6 cm ; 
elution buffer: 0. 05 M tris-borate, .PH 8.1 with O. 25 M 
sucrose; fraction: 3 . 6  ml/tube; elution rate: 0 . 9 ml/ 
minute. Sample for each enzyme activity determination : 
0.3 ml. Key: ( e e · ) RNA-degrading activity; 
( -o- -o- ) phosphomono"esterase activity ; ( -x-x- ) 
phosphodiesterase activity. 
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than for a quantitative comparison of enzyme levels in the 
two cultivars. The RNA-degrading activities were separated 
into two regions. The region for tubes No. 45 through 70 
was designated as preparat�ve electrophoresis A (PE-A). 
The region of tube No. 70 to 120 was designated as prepara­
tive electrophoresis B (PE-B). Phosphodiesterase activity 
was completely eliminated from PE-A in the profiles of both 
cultivars. Phosphomonoesterase was the only contaminating 
enzyme detected in PE-A. In PE-B, both phosphomonoesterase 
and phosphodiesterase were present. In Dicktoo samples, 
two distinct RNA-degrading activity peaks were ·apparent in 
the □-.A. profile, ;-:hile similo.r p e aks i:!.1. PS-A fraction froTI 
Tennessee Winter were not well resolved. 
Properties of Enzymes from Preparative Gel Electrophoresis 
Gel assay. Figures 10· and 11 show the results of 
assays for RNA-degrading activity in the peaks fractions 
obtained from the PE-A and PE-B regions (preparative 
electrophoresis). These peak fractions were subjected to 
analytical gel electrophoresis and the gels were assayed 
for RNA-degrading activity. RNA-degrading activities in 
gels prepared from the peaks of the PE-A region were not 
inhibited by EDTA, while those from the activity peaks 
from PE-B· were inhibited. Based on observation of the 
analytical gel electrophoresis assays with G-25 protein 
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Figure lO • .Analytical gel electrophoresis of RNA-degrading 
activity peaks from the preparative eleqtro­
phoresis fraction of a Tennessee Winter extract. 
Procedure used for RNA-degrading activity assay was 
described in the Materials and Methods section. Key: 
(A) 9 units of enzyme from tube No . 59 (Fig. 8 ) ;  
( B) 7. 8 units of enzyme from tube No. 67 (Fig. 8) · 
(C) 10.3 units of enzyme from tube No. 99 (Fig. 8 ) � ( D) 16.5 units of enzyme from tube No. 117 (Fig. 8 ). 
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Figure 11. Analytical gel electrophoresis of RNA-degrading 
activity peaks from the preparative electro­
phoresis fraction of a Dicktoo extract. · 
Procedure used for RNA-degrading activity assay was 
described in the Materials and 1"1ethods section. Key : 
(A) 4 units of enzyme from tube No. 57 (Fig. 9) ; 
(B ) 4 . 9  units of enzyme from tube No. 69 (Fig. 9) � 
(C) 6. 1 units of enzyme from tube No. 102 (Fig. 9 J ; 
(D) 9. 3 units of enzyme from tube No. 118 (Fig. 9 ) .  
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extracts, these results demonstrated that the preparative 
electrophoresis procedure effectiv�ly separated the two 
types of enzymes. 
Effect of KCl and pH. A comparat�ve study of the KCl 
effect at different pH conditions was conducted for the 
pooled fraction, representing each activity peak. PE-A 
was pooled into two peak fractions, as PE-A1 and PE-A2, 
for both cultivars. The division was arbitrary, partic­
ularly for activity peaks from Tennessee Winter sample, 
where no distinct separation was accomplished. PE-B peak 
material was pooled as a single fraction. 
Table I shows the results for the po0led fractions 
of each cultivar. Protein from PE-.A1 8?-d PE-.A2 fractions 
of Tennessee Winter increa�ed in enzymatic activity upon 
addition of 0.16 or 0. 50 M KCl for all three pH conditions. 
The response to 0.5 M KCl tended to be less than that 
produced by 0.16 M KCl. In contrast, addition of KCl 
decreased enzymatic activity of Dicktoo fractions under 
most conditions. A slight increase was observed in the 
Dicktoo PE-A1 protein preparations assayed with 0.16 M KCl 
at pH 5.0 and 5 . 5. All assays containing 0.5 M KCl showed 
repressed RNA-degrading activity at all three �H conditions. 
A decrease in activity was found in Tennessee Winter PE-B 
protein prepa�ation, except at 0.16 M KCl and pH 5.0. For 
PE-B protein 1raction from Dicktoo, a reduction in enzyme 
Table I. The effect of KCl and pH on RNA-degrading 
activity of the preparative electrophoresis 
fractions of Dicktoo and Tennessee Winter. 
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% Activit� 1 relative to control 
Fraction l'1 KCl pH 5. 0 pH 5. 5 pH 6. 0 
Tennessee Winter 
PE-A1 
0. 16 170 129 112 
0. 50 146 115 112 
PE-.A.2 
0. 16 210 183 204 
0. 50 175 145 157 
PE-B 0. 16 126 77 50 0. 50 48 · 17 10 
Dicktoo 
1 
PE-A 0. 16 121 107 94 1 0. 50 38 40 31 
PE-A2 
0. 16 77 65 96 
0. 50 21 18 16 
PE-B 0. 16 49 36 38 0. 50 12 14 6 
Comparison was made to the activity found in a similar 
sample assayed without KCl; this value was assigned as 
1000/4. 
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activity was observed .for all assay condit"ions. 
DNase activity detection. DNase activity of the 
pooled peak fraction of PE-A1, PE-A2 or PE-B enzymes was 
also measured. Table II indicates the results of assays 
for this activity. Higher DNase activities were noted for 
those assays containing DNA that was heat-denatured for 
90 minutes. A perchloric acid precipitating agent, with 
or without uranyl acetate, was used in order to distinguish 
exonuclease type of activity fro� the endonuclease type 
(3). The activities detected were of endonuclease type. 
It was evident that the highest DNase activi_ty was present 
in the PE-B .fractions from Dicktoo or Tennessee Winter and 
PE-A1 fraction of Dicktoo. 
Isoelectric focusing. PE-A and PE-B samples were 
.further characterized by means of density gradient iso­
electric focusing. The PE-A1 and PE-A2 fractions ·were 
pooled and used as a single sample. PE-B fraction was 
used in a separate run. Preliminary attempts (unpublished 
result) with isoelectric focusing were performed with an 
A-50 protein preparation, using a pH range of 3- 5 to 10; 
in these runs, activity was detected in the range of pH 
4. 5 to 6. For the separation of the PE-A and PE-B 
preparations, an ampholyte with narrower range, pH 4 to 6, 
was chosen in order to obtain better resolution. 
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Table II. Deoxyribonuclease assay for the pooled prepara­
tive electrophoresis fractions obtained from 
Dicktoo and Tennessee Winter. 
Activity1 (uniti:ml) 
Assay mixture containing 
Precipitating agent 




















1 . 00 
0 . 50 
1 . 75 
DNA: 
4 . 25 
1 . 2 5 
4 . 25 
1'1gAc
2 5 · mM MgAc 
PCA4 UPCA FCA 
2 . 75 1 . 00 3 . 00 
0 . 75 0 . 50 0 . 25 
9 . 00 1 . 50 6 . 00 
14. 75 4 . 25 12 . 75 
5 - 75 1 . 25 6 . 25 
16 . 75 5 - 75 17 . 75 
6 . 25 
2 . 50 
17 . 25 
1 Ass�y procedures were the same as for ribonuclease except 
that salmon sperm DNA was used instead of yeast RNA 
(Crestfield). Unit of activity was defined the same as 
for RNase assay in the Materials and Methods section. 
2 Magnesium acetate. 
3 0 . 75% uranyl acetate in 25% perchloric acid. 
4 25% perchloric acid only. 
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Figure 12 shows the RNA-degrading activity peaks 
obtained from the pooled PE-A fraction of Tennessee Winter 
by the isoelectric focusing tecbnique. RNA-degrading 
activity peaks appear at pH 4.9 and 5.8 with a trace of 
activity at 5.3. The phosphomonoesterase activity �as 
located between the two RNA-degrading activity peaks. 
Phosphodiesterase ac�ivity was not detected in this PE-A 
fraction. Similar information for the PE-B fraction of 
Tennessee Winter is presented in Figure 13 . Only one main 
RNA-degrading activity peak at pH 5 -3 to 5 - 5  was present. 
Two peaks of phosphomonoesterase activity were found, one 
of  whi0� CvGrl�ppcd the fil'TA- dcgrading Qctivity . A small 
peak of phosphodiesterase activity was also detected at 
pH 4. 7. 
An isoelectric focusing profile for the pooled PE-A 
protein fraction of Dicktoo shows three RNA-degrading 
activity peaks at pH 4. 9, 5.8 and 6. 1 (Figure 14) . 
Phosphomonoesterase was present in the range of pH 4 to 5. 
Phosphodiesterase was not detected in this fraction. In 
Figure 15, the isoelectric focusing profile for the Dicktoo 
PE-B protein fraction shows three peaks of RNA-degrading 
activity at pH 4. 9, 5- 5 and 6. 0. Phosphomonoesterase 
activity was widely spread over the range of pH 4 . 5 to 
5.5. Phosphodiesterase activity was also detected at pH 
4. 8. 
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Figure 12. Density g�adient isoelectric focusing of ·the 
pooled PE-A fraction of Tennessee Winter. 
Approximately 3 . 3 mg of protein was used. Range of 
carrier ampholytes : pH 4 to 6 ; maximum voltage : 450 ; 
focusing time : 40 hours; fraction : 2 . 6  ml • .  Sample for 
each enzyme activity determination : 0. 3 ml. · Key : 
( - • - • - ) pH ; ( -o--o- ) RNA-degrading activity ; 
( � · ) phospho�onoesterase activity. 
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Figure 13. Density gradient isoelectric focusing of the 
pooled PE-B fraction of Tennessee Winter. 
Approximately 4.2 mg of protein was used. Range of 
carrier ampholytes: pH 4 to 6 ;  maximum voltage: 450; 
.focusing time: 40 hours ; fraction: 2 . 6  ml. · - Sample for 
each enz�e activity determination: 0. 3  ml. Key : 
( - • - •- ) pH; ( -o-o- ) RNA-degrading activity; 
( --o--e- ) phosphomonoesterase activity; ( -*-�- ) 
phosphodiesterase activity. 
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Figure 14. Density gradient isoelectric focusing of the 
pooled PE-A fraction of Dicktoo. 
Approximately 2. 8 mg of protein was used .. Range of 
carrier ampholytes: pH 4 to 6; maximum voltage: 450; 
focusing time: 40 hours·; fraction: 2. 6 ml. · . Sample for 
each enzyme activity determination: 0. 3 ml. Key: 
( - • - •- ) pH; ( -o-o- ) RNA-degrading activity; 
( ) phosphomonoesterase activity. 
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Figure 15 . Density gradient isoelectric focusing of the 
pooled PE-B fraction of Dicktoo. 
Approximately 3 . 4  mg of protein was ·used. Range of 
carrier ampholytes :  pH 4 to 6 ;  maxim.um voltage : 450 ;  
focusing time : 40 hours ; fraction : 2 . 6  ml • . _ Sample for 
each enzyme activity determination : 0 . 3 ml. Key : 
( -•-•- ) pH ; ( � er ) RNA-degrading activity ; 




Further identification of the peaks of activity from 
isoelectric focusing experiment was conducted by analytical 
gel electrophoresis. Figure 16 shows the results of gel 
assays (including EDTA inh�bition of nuclease) for RN.A.­
degrading activity in the activity peaks prepared from 
Tennessee Winter PE-A and PE-B fractions by the isoelectric 
focusing procedure. Only RNase type of activity was 
detected in the three peaks derived from isoelectric­
focused. PE-A protein, while nuclease type of activity was 
detected in the single peak derived from isoelectric­
focused PE-B protein. 
derived from isoelectric-focused PE-A protein were found 
to have RNase activity ; the pH 4 . 9 peak contained a 
nuclease type of activity as well (Figure 17 ). This figure 
also shows that the three peaks of RNA-degrading activity 
derived from isoelectric-focused PE-B protein contained 
only a nuclease type of activity. 
These detailed studies of the preparative electro­
phoresis fractions from the two cultivars are summarized 
as f·ollows : 
1 . The two cultiv'U's, Tennessee Winter and Dicktoo, 
contain both BNase and nuclease type of enzymes. 





Figure 16 • .Analytical gel electrophoresis of RNA-degrading 
activity peaks prepared by isoelectric focusing 
of the Tennessee Winter PE-A and PE-B fractions. 
Procedure used for RNA�degrading activity.assay was 
described in the Materials and Methods section. Key : 
(A)  no EDTA ; (B)  4 m...M EDTA ; 
(1) 3 units of enz37111e from fraction No. 14 (Fig. 12); 
(2) 7 units of enzyme ._from fraction No. 20 (Fig. 12); 
( 3) 9 units of enzyme from fraction No. - 24 (Fig. 12) ·  
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Figure 17 . .Analytical gel electrophoresis of RNA-degrading 
activity peaks prepared by isoelectric focusing 
of the Dicktoo PE-.A and PE-B fractions. · 
Procedure used for RNA-degrading activity assay was 
described in the Materials and Methods section. Key: 
(A) no EDTA ; (B) 4 :mM EDTA ; 
(1) 5 units of enzyme from fraction No. 14 
(2) 7 unit s  of enzyme from fraction No. 28 
(3) 4 units of enzyme :from fraction No. 32 
(4) 4 units of enzyme from fraction No. 14 
(5) 8 units of enzyme from fraction No. 22 











15 ) ; 
15). 
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inhibition of the nuclease activity by EDTA. 
2. Dicktoo has two activity pe.aks in the PE-A fraction 
which are better resolved by the preparative 
electrophoresis procedure than are the corresponding 
peaks in the PE-A fraction of Tennessee Winter. 
3 - In isoelectric focusing studies , the PE-A fraction 
of Tennessee Winter was found to have three RNase 
�ctivity peaks (pH 4.9, 5.8 and a trace of activity 
at 5.3 ). · The PE-A fraction of Dicktoo has three 
RNase peaks (pH 4.9, 5.8 and 6.1); . nuclease activity 
is also present in the peak at 4.9. The PE-B 
fr��tic� coLtaincd � siLgle n��lcase peak bctwc Gn 
pH 5.3 to 5.5, whereas the PE-B fraction of. Dicktoo 
has three nuclease peaks (pH 4.9 , 5.5 and 6.0). 
The PE-A fraction contains the enzyme (s) which 
differentiates the two cultivars with respect to 
the KCl effect on RNA-degrading �ctivity. 
4. For both cultivars, phosphomonoesterase was present 
as a contaminating enzyme in the PE-A protein. 
Additionally, the Dicktoo PE-A fraction has a 
nuclease present in the peak at pH 4.9. 
Bio-Gel P-100 Chromatography for Enzyme Prepar�tion 
Due to the simil� .isoelectric points of the phospho­
monoesterase and BNase in the PE-A fraction, attempts to 
separate these enzymes by resolution methods based on 
charge differences alone were not considered to be prac­
tical. Therefore, molecular sieving chromatography by 
P-100 was used. 
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Since there were two separable peaks in the Dicktoo 
PE-A fraction, they were chromatographed on P-100 a�  two 
separate samples, PE-A1 and PE-A2 • The PE-A protein frac­
tion of Tennessee Win�er, on the other hand, was processed 
on P-100 as  one sample . Figure 18 shows the results 
obtained using the PE-A protein fraction of Tennessee 
Winter. It can be seen that this procedure separates 
phosphomonoesterase activity from the RNase peak. Tube 
fractions _numbered. 45 , 46 and. 47 , cont�inin2; · P ..Na.::: e ., 1_.:rer8 
pooled and designated as Tennes see Winter P-lOOA . Figures 
19 and 20 show the corresponding profiles for the Dicktoo 
PE-A1 and PE-A2 fractions , respectively. ·1:0. Dicktoo 
PE-A1, tube fractions numbered 45, 46 and 47 , containing 
RNase, were pooled and designated a s  Dicktoo P-lOOA1 and 
similar fractions were also pooled as Dicktoo P-lOOA2 for 
PE-A2 • All three figures show the separation of phospho­
monoesterase from the RNase peak • .Analytical gel electro­
phoresi s  followed by enzyme assay revealed that the RNA­
degrading activity peak, eluting prior to the phospho­
monoesterase peak, in Dicktoo PE-A1 contains nuclease 
activity. 
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Figure 18. Bio-Gel P-100 gel filtration of PE-A protein 
from Tennessee Winter. 
Approximately l ; J0 units of enzyme in a volume of 3.5 
ml were applied to the column. Column: 2. 6 x 94 cm ; 
elution buffer: 0. 05 M tris-HQl, pH 7.4, with 0.125 M 
sucrose and 0 � l  M KCl ; fraction: 5.2 ml/tube ;  flow rate: 
0. 33 ml/min. Sample for each enzyme activity ·determination: 
0. 3  ml. Key: ( -- ) 280 run absorbance ; ( -o--o- ) 
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Figure 19. Bio-Gel P-100 gel filtration of P E-Al protein .from Dicktoo. 
Approximately 480 units of enzyme in a volume of 3. 2 
ml were applied to tha column. Column : 2. 6 x 94 cm; 
elution buffer: 0. 05 M tris-HCl , pH 7- 4, with 0. 125 M 
sucrose and 0. 1 M KCl ; fraction: 5. 2 ml/tube; flow rate : 
0.33 ml/min. Sample for each enzyme activity determination: 
0.3 ml. Key: ( --- ) 280 nm absorbance ; ( ·-o-o- ) 
RNA-degrading activity; ( -o-e- ) phosphomonoesterase 
activity. 
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Figure 20. Bio-Gel P7100 gel filtration of PE-A2 protein .from Dicktoo. 
Approximately 3�0 units of enzyme in a volume of 3 ml 
were applied to the column. Column : 2. 6 x 94 cm ; elution 
buffer : 0.05 M tris-HCl, pH 7 . 4, with 0. 125 . M  sucrose 
. and 0. 1 11- KCl ; fraction : 5. 2 ml/tube ;  flow rate : 0. 33 ml/ 
min. Sample for each enzyme activity determination : 0. 3 ·  
ml. Key : ( --- ) 280 nm absorbance ; ( -o-o- ) RNA­
degrading activity ·; ( Cl m- ) phosphomonoesterase activity. 
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Properties of Enzyme from Bio-Gel P-100 Chromatography 
pH optimum and KCl effect. Figure 21 shows the pH 
optimum for the assay of Rl�A-degrading activity using the 
purified enzyme fraction, which was designated· as Tennessee 
Winter P-lOOA. A downward shift in. pH optimum together 
with increased activity was observed in the presence of 
either 0. 16 M or 0. 5 M KCl level, as compared to no KCl 
addition. Maximum activity was found at pH 5. 4 with 0. 16 
M KCl. The pH optima were found at 5. 8 and 5. 0 for the no 
KCl and 0. 5 M KCl treatments, respectively. 
The purified Dicktoo PE-A1 enzyme from P-100, designa-
t e d  as P- l00Ji . .l ;  ohov!c d. ::.. do1rmw2.rd. shif t: 9f pH opt irJ.u:m 2nd. ai� 
increase in activity in the presence of 0. 16 M KCl. The 
downward shift of pH optimum was also noted with 0. 5 M KCl, 
but this higher KCl level caused a slight decrease in enzyme 
activity (Figure 22). Maximum activity was found at pH 5. 4 
with 0. 16 M KCl. pH optima of 5. 8 and 5. 0 were found for 
the no KCl and 0. 5 M Kc1· treatments, respectively. 
As shown by Figure 23, the purified Dicktoo PE-A2 
enzyme from P-100 exhibits a downward shift of pH optimum 
together with an increase in activity at both the 0. 16 M 
and 0. 5 M KCl levels. Maximum activity was found at pH 5. 4 
with 0. 16 M KCl, and pH optima of 5. 8 and 5. 0 were observed 
for the no KCl and 0. 5 M KGl treatments, respectively. 
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Figure 21. Effect of KCl concentration on the pH optimum 
of the perified enzyme in the fraction 
designated Tennessee Winter P-lOOA. 
Key : ( -0-0- ) no KGl ; ( r, s ) 0 . 16 M KCl ;  
( -X-X- -) 0. 5 M KCl. 
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Figure 22. Effect of KCl concentration on the pH opti�um 
of the pu.cified enzyme in the fraction 
designated Dicktoo P-lOOA1• Key : ( -0-0- ) no KGl ; ( --9--ll- ) 0. 16 M KCl ; 
( -X-X- ) 0.5 M KCl. 
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Figure 23. Effect of .KCl conc entration on the pH optimum 
of the purified enzyme in the fraction 
designatel  Dicktoo P-lOOA2 • Key: ( -0--0- ) no KCl ; ( �- ) 0. 16 M KCl ; 
( -X-X- ) 0 . 5 M KCl .  
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Wilson (32) reported that in the presence of 0. 16 M 
KCl, the pH optimum. for RNase A from corn shifted from pH 
5. 8 to 5. 0;  he later classified this enzyme as RNase I (34 ) .  
So far, the pH optima values reported for all the RNase I 
· (purified from different plant . tissues) are in the range 
of pH 5. 0 to 6. 0, with a higher range of pH 6 . 0 to 7. 0 
reported·for RNase II (38 ) .  
Kalnitsky et al. (17) ,  in their study of the effects 
of ionic strength and pH on RNase activity, concluded that 
the effect was due to the profound influence of dilute salt 
upon the " cooperative" structure of the RNA substrate as 
revealed oy changes in its viscosi·0J' , optical rcn., atiun 
properties and degree of ionization. Hummel and Kalnitsky 
(11) reported that the effect of dilute' KCl in lowering 
viscosity of yeast RNA (Crestfield ) was due to counterion 
shielding of mutually-repelling, charged segme�ts of the 
polymer chain. Therefore, the extended structure of RNA 
assumes a more tightly coiled conformation. Higher dextro­
rotation of RNA in the presence of dilute salt may reflect 
a helical conformation (17). The most striking , but least 
readily explained, effect of dilute electrolytes upon RN� 
is the increase in acidity (11). It was suggested that 
this is due to decrea£ed affinity of amino and enol groups 
for protons ; this may be a response to the effects of 
counterion shielding in decreasing the influence of 
neighboring anionic phosphate groups , or to changes in 
structural orientation which result in a greater spatial 
separation of the anionic phosphate from the amino and 
enol groups (11). 
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These suggestions could be used to explain the shif't 
in pH optimum observed for the purified Tennessee Winter 
or Dicktoo enzymes. The results could be dependent on 
that degree of ionization of the RNA substrate which is 
required for maximal RNase activity. With an increase in 
acidity (and lowered pK' )  of Rl\JA upon the . addition of KCl ,  
an assay buffer of lower pH would be necessary in order to 
obt&in Q similar d8gree c2 ioniza��on o� the substra�s  P�A , 
f·avorable .for optimal RNase activity. 
Dinucleosi·de monophosphate assay. Fourteen different 
dinucleoside monophosphates were available for assay. The 
GpG and UpA dinucleoside monophosphates were not available. 
Substrate specificities of the three purified .fractions, 
Tennessee Winter P-lOOA , Dicktoo P-lOOA1 and P-lOOA2 , for 
these dinucleoside monophosphates were determined. 
Table III shows the rates o.f cleavage o.f the 14 
dinucleoside monophosphates by these three enzyme prepara­
tions . The cleavage rate was de.fined as nmole substrate 
cleaved/min/10 units o.f .RNase. A least significant (lsd) 
statistical test was used to evaluate the difference (29 ) .  
The cleavage rate with GpA substrate was .found to be 
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Table III .  Cleavage of dinucleoside monophosphates by the 
purified Tennessee Winter and Dicktoo enzymes. 
Dinucleoside Cleavage R ate 
(nmole/minZlO units of RNase) lsd1 monophosphate Tenn. Winter Dicktoo Dicktoo 
3'---+ 5 ' P-lOOA P-lOOA1 P-lOOA2 (0. 05) 
GpA* 1. 04 0. 95 0. 82 0. 04 
GpC 2. 09 1. 19 1. 55 2. 51 
GpU 7 - 85 7. 79 7. 36 3. 92 
UpG* *  3. 04 2. 18 2. 00 0. 34 
UpC 0. 46 0. 41 o ·. 67 0. 26 
UpU 0. 99 0. 69 1. 09 0. 68 
ApA 0. 58 0. 39 0. 41 0. 36 
ApG 3. 17 2. 60 3- 39 1. 02 
ApC * *  6. 57 ·0. 89 0. 88 0. 86 
ApU* *  7. 71 1. 18 1. 22 0. 77 
CpA 1. 52 1. 18 1. 32 0. 59 
CpG * *  4. 27 1. 43 1. 66 1. 15 
CpC* *  1. 42 0. 73 0. 67 0. 36 
CpU* *  1. 13 0. 34 0. 40 0. 58 
1 Least significant difference at 5% level. 
* Significantly different among all three enzymes.  
**  Significantly different between the Tennessee Winter 
enzyme and Dicktoo P-lOOA1 or P-lOOA2• 
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significantly . different for all three enzymes. ApC, ApU, 
CpG, CpC and CpU were each cleaved by purified Tennessee 
Winter enzyme at a significantly faster rate than by 
either of the purified Dicktoo enzymes. The only signif­
icant difference between the two Dicktoo enzymes wa� the 
rate of cleavage of GpA which might require further 
substantiation. 
The dinucleoside monophosphates are grouped according 
to the order of rate of cleavage by these three enzyme 
preparations in Table IV. The GpU substrate is  seen to be 
cleaved most rapidly by all enzymes . ApA and UpC were 
(P-lOOA), while UpC, ApA and CpU were cleaved most slowly 
by the _purified Dickto_o P-lOOA1 and P-lOOA2 enzymes .  ApU, 
ApC and CpG were in the group with the highest .cleavage 
rate by purified Tennessee Winter enzyme, but this was not 
the case for the two purified Dicktoo enzymes . The rates 
of hydrolysis of these three dinucleoside monophosphates 
were also found to be significantly different, when 
comparing the Tennessee Winter enzJ7Jile with the two Dicktoo 
enzymes . 
The major difference between the Tennessee Winter 
P-lOOA enzyme and both Dicktoo P-lOOA1 and �2 was the 
cleavage rate of the diester linkage between an adenosine­
pyrimid�e dinucleoside monophosphate (ApX) .  The Tennessee 
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Table IV . Order of cleavage rate of dinucleoside mono­
phosphates by the purified Tennessee Winter 
and Dicktoo enzymes. 
1 Tenn. Winter Dicktoo Dicktoo . R ange of cleavage rate P-lOOA P-lOOA1 P-lOOA2 




2. 3 - 5  to 2. 5 .A.pG ApG · ApG 
UpG UpG UpG 
GpC 
3 - 1. 5 to 0. 6 CpA CpG G:pG 
CpC GpC GpC 
CpU CpA CpA 
GpA ApU .ApU 





4. 0. 6 to 0. 3 ApA UpC .ApA 
UpC .ApA CpU 
CpU 
1 nrnole/min/10 units of RNase. 
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Winter enzyme cleaved ApX (X as either one of the two 
pyrimidine bases) at a rate seven .times faster than Tiicktoo 
enzymes (Table III). The two enzymes from Dicktoo were 
not significantly different in terms of substrate 
specificities. 
In yeast RNA, the chance of adenine base having a 
pyrimidine base directly adjacent would be one-half. 
Therefore, when yeast RNA was used in the assay, the 
Tennessee Winter enzyme would hydrolyze the RNA chain into 
smaller oligonucleotides, and eventually mononucleotides, 
at a faster rate than the Dicktoo enzymes. 
Tabl 3G  1.T o..nd YI m�....,.T"'8.ri zo  t�c stq}'::i o c  yiclc. of the 
purification process for RNases from Tennessee Winter and 
Dicktoo plants, respectively. 
Table V .  Purification of  T ennessee  Winter RNase .  
Concentra-
Volume tion Total 
Fraction (ml ) (units/ml ) units 
1 .  Extraction (PVP) 350 . 0  15 . 0  5250 
2 .  105 , 000g 
( supernatant ) 325 . 0  14 . 0  4550 
3 .  Sephadex -G-25 350 . 0  12 . 0  4200 
Use two ste�-3 sam�les  
4.  DEAE A-50 
(d�salted by G-25 ) 280 . 0  25 . 0  7000 
5 .  DE.AE A-50 
(desalted by G-25 ) 48 . 0  75 . 0  3600 
6 .  Preparative 
electrophoresis  
(desalted by G-25 ) 
PE-A 98 . 0  15 . 0  1470 




(mg/ml ) (units/mg) % 
0 . 910 16 . 48 100 . 00 
0 . 700 20 . 00 86 . 70 
0 . 340 35 . 29 80 . 00 
0 . 310 80 . 65 66 . 60 
0 . 890 84 . 27 34 . 28 
0 . 100 150 . 00 14 . 00 
0 . 022 2295 . 50 7 . 50 
1 Fractions 1 to 6 e stimated by Lowry proceiure ; fraction 7 ,  by absorbance  at 
280 nm . 
m 
----J 
Table VI . Purification of  Dicktoo RNas e . 
Concentra.-
Voli..:une tion 
Fraction (ml ) (units/ml ) 
1. Extraction (PVP) 350 . 0  13 . 00 
2 .  105 , 000g 
( supernatant ) 325 . 0  11 . 50 
3 .  Sepha-lex G-25 350 . 0  9 . 00 
Use two ste�-� sam�les  
4 .  DEAE A-50 
(desalted by G-25 ) 280 . 0  17 . 00 
5 .  DEAE A-50 
(desalted by G-25 ) 38 . 0  72 . 00 
6 .  Preparative 
electrophoresis 
(desalted by G-25 ) 
. PE-A
1 
40 . 0  12 . 00 
PE-A2 38 . 0  8 . 50 
7 .  Bio-Gel P-100 
. P-lOOA1 15 . 6  11 . 61 




Total activity Yield 
units (mg/ml ) (units/mg ) % 
4550 . 0  0 . 740 17 . 57 100 . 00 
3738 . 0  0 . 540 21 . 29 82 . 20 
31 50 . 0 .  0 . 290 31 . 03 69 . 23 
4760 . 0  0 . 340 50 . 00 52 . 31 
2592 . 0  1 . 060 67 . 92 28 . 48 
480 . 0  0 . 125 96 . 00 5 . 27 
323 . 0  0 . 125 68 . 00 3 . 55 
181 . 1  0 . 020 580 . 50 1 . 99 
156 . 0  0 . 018 555 . 60 1 . 71 




CO NCLUSIO NS 
In the present investigation, the need to define 
differences in R NA-degrading enzymes between the two 
phenotypes has resulted in the development of a purifica­
tion scheme. Conclusions drawn from the results of these 
studies are summarized as follows : 
1. The purification of R NA-degrading enzymes from 
barley seedlings was complicated by contaminating enzymes ; 
these contaminants were active upon the substrate, p­
nitrophenyl phosphate. A sequence of anion exchange 
chromatography, preparative electrophoresis and gel 
fj_lti :.ca t i011 wat> .found -Lo be  the most e.ffec;tiv e technique 
for removal of these contaminating enz�es. 
2. The principal groups of RNA-degrading enzymes 
present in barley seedlings, as shown by electrophoresis, 
were an EDTA-sensitive group and another group · not affected 
by this chelating agent. According to properties listed 
in published reports, the first group are nucleases, whereas 
the· second group are R Nase I type enzymes. The identity 
of these enzymes was deduced from electrophoretic mobility , 
pH optima and response to ionic condition. 
3. The rnicleases from both cultivars shoFed suppres­
sion of activity by high- ionic conditions ; the degree · of 
suppression was about equal in the assays for each cultivar. 
70 
The higher residual activity previously observed in the 
crude extract of Tennessee Winter at high ionic conditions 
was attributed to a greater potential for RN"A degradation 
by the EDTA-insensitive (RN"ase) fraction from this cultivar 
in comparison to the Dicktoo cultivar. 
4. The RNase preparation obtained by preparative 
electrophoresis from -Tennessee Winter extracts, had a�tivity 
peaks with isoelectric points of 4. 9 ,  5 . 8  and a trace of 
activity at 5 .3 , while a similar R.Nase preparation from 
Dicktoo had isoelectric points of 4 . 9 ,  5 . 8  and 6. 1. The 
nuclease preparation from Tennessee Winter contained one 
peak with an i soelectric point between 5 - 3 to · 5 . 5 ,  while 
the Dicktoo nuclease preparation exhibited three peaks 
having ·isoelectric points of 4 .9 , 5 .5 and 6. 0. These 
tentative findings require further verification using the 
final purified preparation. 
5 . The major difference between the purified RNases 
from Dicktoo and Tennessee Winter was in the cleavage 
rates of ApC and ApU. Tennessee Winter RNase was able to 
cleave the phosphodiester bond between adenosine and a 
pyrimidine at a faste� rate than was Dicktoo RNase. 
6. These results confirm previous reports that a 
phenotypic variation exists i� RNA-degrading enzymes of 
winter barley. The primary distinction between cultivars 
is in RNase I type enzymes. It is not possible at this 
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time to conclude whether Tennessee Winter (the non-hardy 
cultivar) contains more of this enzyme than does Dicktoo 
(the hardy cultivar), or whether the enzyme from Tennessee 
Winter is simply more active on the substrates tested. 
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